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TABLE 5.4 Limitations in Determining the Relationship between Changes
in Causal Factors and Changes in Climate

Imperfect or incomplete modeling of relevant climatic processes (e.g.,

with respect to the oceans and cryosphere)
Imperfect model verification with respect to factors of interest (e.g.,

lack of sufficient test cases to verify treatment and time constants

of long-term processes and of model performance as a whole)
Limited areal extent of analysis (e.g., less than three-dimensional,

less than global)
Use of equilibrium rather than the transient perturbations in

developing relationship between climate and causal factors
Internal variability of climate models
Limited length of model simulations
Different times at which analysis starts (for example, the decade of

the 1880s was strongly volcanically affected? a stable baseline may

not be available)
Different temporal patterns of assumed climatic response functions

plus as yet unexplained). For the attribution to be convincing, the
change in the causal factor must be physically related to the climatic
change in a quantitative way, which requires both theoretical under-
standing of how the causal factor affects the climate and the ability
to calculate the effect numerically. Since there is more than one
causal factor, we must also be able to calculate the effects of inter-
actions when more than one causal factor is acting. Table 5.4 lists
some of the problems that arise in attempting to calculate the
relationship.

As an example of the type of problem that exists, consider the
results of different approaches for treating the volcano-climate
coupling used by different authors. Although Vinnikov and Groisman

(1982) and Bryson (1980) both indicate that they use the same

surface-air-temperature record and similar actinometric measures of
stratospheric transmissivity, their different approaches to relating
the causal factor to the induced climatic change lead them to very
different conclusions about whether there has or has not been a
temperature increase attributable to increasing C02 concentrations.
Rather than specifying a response function, Oliver (1976) and Mitchell

(1983) chose generalized volcanic response functions that were then
optimized in order to fit the temperature data. They also come to
differing conclusions about the role of CC>2 in the temperature record.

Rather than employing such empirical and statistical approaches,
Hansen et al. (1981) used a one-dimensional radiative-convective model
with a thermodynamically interactive ocean to simulate the climatic
response to changes in the volcanic aerosol loading (and other factors).
They then derived a quantitative relationship between CC>2 concentration
and temperature to use in their analyses of the causes of climatic
fluctuations. Such use of physically based relationships is an